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(57) ABSTRACT

A heat dissipating structure includes a cold plate configured
to exchange heat with a heat dissipating device; a liquid pipe
disposed at both ends of the cold plate, the liquid pipe being
configured to transport heat conducting liquid; and a defor-
mation structure configured in the liquid pipe and located at
a position corresponding to the cold plate, wherein the
deformation structure deforms as an ambient temperature
changes. The deformation structure is configured in the heat
dissipating structure to manage the flow rate of the heat
conducting liquid. The deformation structure deforms at
different ambient temperatures. Based on a relationship
between the temperature and a deformation coefficient, the
flow rate of the heat conducting liquid flowing through the
liquid pipe can be controlled for different temperatures.
Thus, a desired heat dissipating capacity can be provided to
the heat dissipating device to satisfy the needs of users.
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HEAT DISSIPATING STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Chinese Patent Appli-
cation No. 202210111357.1, filed on Jan. 29, 2022, the entire
content of which is incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to the technical field of heat
dissipation technologies and, more particularly, to a heat
dissipating structure.

BACKGROUND

As the power consumption of today’s chips continues to
increase, regular heat sinks are no longer sufficient to satisfy
the cooling needs for high power density heat dissipating
devices. A two-phase liquid cooling solution is provided to
solve the above problem.

When the two-phase liquid cooling is used to cool a
plurality of heat dissipating devices, the amount of heat
dissipated from the plurality of heat dissipating devices may
be distributed inconsistently. When one device dissipates
substantially more heat than the remaining devices, the
liquid may evaporate substantially fast, which substantially
lowers dryness (or humidity) and increases flow resistance at
the corresponding inlet. As such, on one hand, less amount
of liquid can be flowed through the corresponding inlet, and
the amount of heat dissipated from the device may not be
carried away timely by the liquid, thereby resulting in the
lack of cooling liquid circulation. On the other hand, the
cooling liquid can flow smoothly through the inlets corre-
sponding to other devices dissipating less heat, the flow
resistance thereof decreases, and more cooling liquid can
circulate through the inlets. This creates a mismatch between
the amount of the cooling liquid circulated through a heat
dissipating device and the amount of the heat dissipated
from the corresponding heat dissipating device.

SUMMARY

The present disclosure provides the following technical
solutions.

One aspect of the present disclosure provides a heat
dissipating structure. The heat dissipating structure includes:
a cold plate configured to exchange heat with a heat dissi-
pating device; a liquid pipe disposed at both ends of the cold
plate, the liquid pipe being configured to transport heat
conducting liquid; and a deformation structure configured in
the liquid pipe and located at a position corresponding to the
cold plate, where the deformation structure deforms as an
ambient temperature changes.

In some embodiments, a cross-sectional area of the defor-
mation structure in an axial direction of the liquid pipe is
inversely proportional to the ambient temperature; the defor-
mation structure has a first cross-sectional area at a first
temperature, and has a second cross-sectional area at a
second temperature; the first temperature is higher than the
second temperature; the first cross-sectional area is smaller
than the second cross-sectional area; and the cross-sectional
area is directly proportional to a flow resistance of the heat
conducting liquid in the liquid pipe.
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In some embodiments, the cross-section of the deforma-
tion structure in the axial direction of the liquid pipe is a
net-shaped structure or a uniformly distributed hole struc-
ture.

In some embodiments, the deformation structure is made
of a heat-shrinkable material or a memory alloy.

In some embodiments, the liquid pipe includes a main
liquid pipe and at least two branch liquid pipes, both
connected with the main liquid pipe.

In some embodiments, a number of the could plates is
equal to a number of the branch liquid pipes; each branch
liquid pipe is configured with one cold plate; and the
deformation structure is disposed in each of the at least two
branch liquid pipes.

In some embodiments, the main liquid pipe and the at
least two branch liquid pipes form a circulation liquid pipe
structure.

In some embodiments, the liquid flows through each
branch liquid pipe, absorbs heat dissipated from the corre-
sponding heat dissipating device, and evaporates into a
gas-liquid two-phase state downstream of the cold plate.

In some embodiments, the main liquid pipe is configured
with a cooling capacity distribution unit configured to cause
the gas-liquid two-phase heat conducting liquid to condense
into a liquid state.

In some embodiments, pipe diameters of different branch
liquid pipes are identical or different.

In the embodiments of the present disclosure, a heat
dissipating structure is provided. The heat dissipating struc-
ture includes: a cold plate configured to exchange heat with
a heat dissipating device; a liquid pipe disposed at both ends
of the cold plate, the liquid pipe being configured to trans-
port heat conducting liquid; and a deformation structure
configured in the liquid pipe and located at a position
corresponding to the cold plate, where the deformation
structure deforms as an ambient temperature changes. The
deformation structure is configured in the heat dissipating
structure to manage the flow rate of the heat conducting
liquid. The deformation structure deforms at different ambi-
ent temperatures. Based on a relationship between the tem-
perature and a deformation coefficient, the flow rate of the
heat conducting liquid flowing through the liquid pipe can
be controlled for different temperatures. Thus, a desired heat
dissipating capacity can be provided to the heat dissipating
device to satisfy the needs of users.

BRIEF DESCRIPTION OF THE DRAWINGS

To more clearly illustrate the technical solution of the
present disclosure, the accompanying drawings used in the
description of the disclosed embodiments are briefly
described below. The drawings described below are merely
some embodiments of the present disclosure. Other draw-
ings may be derived from such drawings by a person with
ordinary skill in the art without creative efforts and may be
encompassed in the present disclosure.

FIG. 1 is a schematic diagram showing an application
scenario of an exemplary two-phase liquid cooling technol-
ogy according to some embodiments of the present disclo-
sure;

FIG. 2 is a schematic structural diagram of an exemplary
heat dissipating structure according to some embodiments of
the present disclosure;

FIG. 3A is a schematic cross-sectional view of an exem-
plary deformation structure at a first temperature according
to some embodiments of the present disclosure;
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FIG. 3B is a schematic cross-sectional view of an exem-
plary deformation structure at a second temperature accord-
ing to some embodiments of the present disclosure;

FIG. 4 is a schematic cross-sectional view of an exem-
plary deformation structure having hole structures according
to some embodiments of the present disclosure; and

FIG. 5 is a schematic structural diagram of another
exemplary heat dissipating heat dissipating structure accord-
ing to some embodiments of the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

In order to make the objectives, technical solutions, and
advantages of the present disclosure clearer, the present
disclosure will be further described in detail below with
reference to the accompanying drawings. Obviously, the
described embodiments are only some of the embodiments
of the present disclosure, not all of the embodiments. Based
on the embodiments of the present disclosure, all other
embodiments obtained by those of ordinary skill in the art
without creative efforts shall fall within the scope of the
present disclosure.

In the description of the embodiments of the present
disclosure, it should be noted that, unless otherwise stated
and limited, the term “connection” should be understood in
a broad sense, for example, it may be an electrical connec-
tion, an internal communication between two components,
or a direct connection, and may also be indirectly connected
through an intermediate medium. Those of ordinary skill in
the art could understand the specific meanings of the above
term according to specific situations.

It should be noted that the terms such as
“first\second\third” involved in the embodiments of the
present disclosure are only used to distinguish similar
objects, and do not represent a specific ordering of the
objects. It is understood that the terms such as
“first\second\third” may be interchanged in a specific order
or sequence where permitted. It should be understood that
the objects distinguished by the terms such as
“first\second\third” distinctions may be interchanged under
appropriate circumstances so that the embodiments of the
present disclosure described herein may be practiced in
sequences other than those illustrated or described herein.

To better illustrate the present disclosure, a relevant
application scenario is described herein. The cooling struc-
ture consistent with the present disclosure can be applied to
a two-phase liquid cooling system. FIG. 1 is a schematic
diagram showing an application scenario of an exemplary
two-phase liquid cooling technology according to some
embodiments of the present disclosure. As shown in FIG. 1,
the two-phase liquid cooling application is implemented
based on circulation pipes.

Circulation of liquid in the circulation pipes is achieved
through a circulation pump. The liquid flows into cold plates
(e.g., heat sinks), absorbs heat transferred from chips
through the cold plates, and evaporates into a gas-liquid
two-phase state. The two-phase gas-liquid flows through a
chill water distribution unit (CDU), exchanges heat, and
flows again into the circulation pump. Thus, the heat dissi-
pating devices (e.g., chips) can dissipate the heat through the
above-described circulation.

FIG. 2 is a schematic structural diagram of an exemplary
heat dissipating structure according to some embodiments of
the present disclosure. As shown in FIG. 1, the heat dissi-
pating structure includes a cold plate 10, a liquid pipe 20,
and a deformation structure 30. The cold plate 10 is con-
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figured to exchange (i.e., absorb) heat from a heat dissipat-
ing device (not shown). The liquid pipe is disposed at both
ends of the cold plate 10 and is configured to transport a heat
conducting liquid. The deformation structure 30 is disposed
inside the liquid pipe 20 at a position where the clod plate
10 is located. The deformation structure 30 deforms as a
temperature thereof changes. Although the deformation
structure 30 is shown in a net shape in FIG. 2, it is merely
exemplary, and shall not be construed to limit the form of the
deformation structure.

In practical applications, a heat source dissipating the heat
may be in different forms. For example, the heat source may
be a heat dissipating device such as a host computer, a chip,
etc. The cold plate may be disposed below or above the heat
source depending on the form of the heat source and a
mounting manner of the heat source. The heat generated by
the heat dissipating device in an operation mode is con-
ducted to the cold plate 10. When the heat conducting liquid
flows through the clod plate 10, the heat conducting liquid
absorbs the heat from the cold plate 10, the temperature of
the heat conducting liquid rises, and the heat conducting
liquid evaporates into the gas-liquid two-phase state in the
liquid pipe 20.

Because the deformation structure 30 deforms as the
temperature thereof changes, the deformation structure 30
needs to be disposed at a position close to the heat source to
effectively sense the temperature. In some embodiments, the
deformation structure 30 presents different shapes at differ-
ent temperatures to impose different flow resistances to the
heat conducting liquid that flows through the deformation
structure 30, thereby limiting the heat conducting liquid at
different flow rates at different temperatures.

The deformation structure 30 is disposed inside the liquid
pipe 20. Because the deformation structure 30 needs to limit
the flow rate of the heat conducting liquid, and the heat
conducting liquid evaporates into the gas-liquid two-phase
state after flowing through the could plate 10, the deforma-
tion structure 30 may be disposed at an upstream position
relative to the cold plate 10. To effectively sense the tem-
perature, the deformation structure 30 may be disposed
adjacent to the cold plate 10, as shown in FIG. 2.

In the embodiments of the present disclosure, the defor-
mation structure is configured in the heat dissipating struc-
ture to manage the flow rate of the heat conducting liquid.
The deformation structure deforms at different ambient
temperatures. Based on a relationship between the tempera-
ture and a deformation coefficient, the flow rate of the heat
conducting liquid flowing through the liquid pipe can be
controlled for different temperatures. Thus, a desired heat
dissipating capacity can be provided to the heat dissipating
device to satisfy the needs of users.

In some embodiments, a cross-sectional area of the defor-
mation structure in an axial direction of the liquid pipe is
inversely proportional to an ambient temperature. The defor-
mation structure has a first cross-sectional area at a first
temperature, and has a second cross-sectional area at a
second temperature. The first temperature is higher than the
second temperature. The first cross-sectional area is smaller
than the second cross-sectional area. The cross-sectional
area is directly proportional to the flow resistance of the heat
conducting liquid in the liquid pipe.

FIG. 3A is a schematic cross-sectional view of an exem-
plary deformation structure at a first temperature according
to some embodiments of the present disclosure. FIG. 3B is
a schematic cross-sectional view of an exemplary deforma-
tion structure at a second temperature according to some
embodiments of the present disclosure. Referring to FIG. 3A
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and FIG. 3B, at the first temperature, the entire deformation
structure is in a shrunk state, line segments of each net-
shaped hole are thin, and a combined cross-sectional area of
solid portions of the deformation structure is relatively
small. In this case, each net-shaped hole of the deformation
structure is relatively large, exerts less resistance to the flow
of the heat conducting liquid, and allows a relatively large
amount of the heat conducting liquid to pass through the
deformation structure. At the second temperature, the entire
deformation structure is in an expanded state, the line
segments of each net-shaped hole are thick, and a combined
cross-sectional area of solid portions of the deformation
structure is relatively large. In this case, each net-shaped
hole of the deformation structure is relatively small, exerts
more resistance to the flow of the heat conducting liquid, and
allows a relatively small amount of the heat conducting
liquid to pass through the deformation structure.

Of course, in addition to the net-shaped structure, the
cross-sectional area of the deformation structure may
include other structures. FIG. 4 is a schematic cross-sec-
tional view of an exemplary deformation structure having
hole structures according to some embodiments of the
present disclosure. As shown in FIG. 4, at a relatively high
temperature, holes for the liquid to pass through may expand
and become relatively large. Under a constant liquid pres-
sure, the amount of the liquid that can flow through is
relatively large. At a relatively low temperature, the holes for
the liquid to pass through may shrink and become relatively
small. Under a constant liquid pressure, the amount of the
liquid that can flow through is relatively small.

In addition to the polygon-shaped and the round-shaped
holes described above, the holes for the liquid to flow
through may also have other shapes, which is not limited by
the present disclosure.

The deformation structure may be made of a heat-shrink-
able material or a memory alloy as long as such material
deforms as the temperature thereof changes and the cross-
sectional area of the deformation structure is positively
proportional to the flow resistance of the heat conducting
liquid in the liquid pipe.

FIG. 5 is a schematic structural diagram of another
exemplary heat dissipating structure according to some
embodiments of the present disclosure. As shown in FIG. 5,
the liquid pipe may include a main liquid pipe 21 and at least
two branch pipes 22. FIG. 5 shows liquid pipe connection
configuration and a position of the deformation structure,
but does not show the cold plate. As previously described,
the cold plate may be disposed above a heat dissipating
block 1 and a heat dissipating block 2.

Because each branch pipe is used to dissipate different
heat dissipating devices, a number of the cold plates and a
number of the branch pipes are the same. Each branch pipe
is configured with one cold plate, and the deformation
structure is disposed in the branch pipe.

Pipe diameters of different branch pipes may be identical
or different. Generally, different heat dissipating devices
dissipate different amount of heat and need different cooling
capacities. Thus, the heat source dissipating a relatively
large amount of heat may be configured with a branch pipe
with a relatively large pipe diameter, while the heat source
dissipating a relatively small amount of heat may be con-
figured with a branch pipe with a relatively small pipe
diameter.

In some embodiments, one main pipe and two branch
pipes form a circulation pipe structure. When the heat
conducting liquid flows to the could plates, the heat con-
ducting liquid absorbs heat to cause the temperature thereof
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to rise, and some of the heat conducting liquid may even
evaporate. Thus, gas-liquid two-phase heat conducting mat-
ter may appear in the liquid pipe downstream of the cold
plate. As shown in FIG. 5, the main liquid pipe is further
configured with a cooling capacity distribution unit, which
is configured to cause the gas-liquid two-phase heat con-
ducting liquid to condense into a liquid state. The heat
conducting liquid in the liquid state circulates and flows to
the cold plates, and continues to exchange heat to turn into
a gas-liquid two-phase state.

In the embodiments of the present disclosure, the defor-
mation structure is configured in the liquid pipe. The amount
liquid flowing through the deformation structure dynami-
cally changes as the temperature of the heat dissipating
device changes. Thus, the device dissipating more heat
receives more heat conducting liquid, while the device
dissipating less heat receives less heat conducting liquid.
The distribution of the heat conducting liquid matches the
distribution of the heat dissipated by the heat dissipating
devices. As such, the dryness of the heat conducting liquid
at the downstream of the could plates can be stabilized, and
overheating or overcooling of some heat dissipating device
can be effectively prevented.

Therefore, when the heat dissipating structure cools a
plurality of heat dissipating devices, the flow rates of the
heat conducting liquid in various liquid pipes are dynami-
cally balanced (or adjusted). The flow resistance of the
liquid pipe corresponding to the device dissipating less heat
is increased, and the flow resistance of the liquid pipe
corresponding to the device dissipating more heat is
reduced, thereby receiving more heat conducting liquid.
Thus, the dryness of the heat conducting liquid in the
plurality of liquid pipes of the cooling system can be
stabilized, and the cooling efficiency can be improved,
thereby facilitating a smooth operation of the system.

In some embodiments, a heat-shrinkable net structure or
a memory alloy structure (i.e., the deformation structure) is
added inside the liquid pipe above the cold plate. The
heat-shrinkable net structure is made of heat-shrinkable
material, and the memory alloy structure is made of memory
metal. Both the heat-shrinkable structure and the memory
alloy structure sense the temperature of the heat dissipating
device. When the temperature of the heat dissipating device
is detected to be higher than 50° C., the heat-shrinkable net
structure or the memory alloy structure contracts by 8%.
Accordingly, the flow resistance inside the liquid pipe is
reduced, and the amount of the heat conducting liquid
flowing through the liquid pipe corresponding to the heat
dissipating device is increased.

When the temperature of the heat dissipating device is
detected to be lower than or equal to 50° C., the heat-
shrinkable net structure or the memory alloy structure
expands by 8%. Accordingly, the flow resistance inside the
liquid pipe is increased, and the amount of the heat con-
ducting liquid flowing through the liquid pipe corresponding
to the heat dissipating device is reduced. Thus, the flow rates
of the heat conducting liquid flowing in the liquid pipes are
balanced, the overheating or the overcooling of individual
heat dissipating device is effectively prevented, the dryness
of the heat conducting liquid is the liquid pipes downstream
of the cold plates is stabilized, and the cooling efficiency is
improved.

Various embodiments in the specification are described in
a progressive manner, and each embodiment focuses on the
differences from other embodiments, and for the same and
similar parts between the various embodiments, reference
can be made to each other. At the same time, the features
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described in the embodiments in the specification may be
replaced or combined with each other, such that those skilled
in the art can realize or use the present disclosure. As for the
devices disclosed in the embodiments, because of the cor-
respondence to the method disclosed in the embodiments,
the description is relatively simple, and reference can be
made to the description of the method for relevant parts.

It should also be noted that in the specification, relational
terms such as first and second are used only to distinguish
one entity or operation from another, and do not necessarily
require or imply that there is such actual relationship or
order between those entities or operations. Moreover, the
terms “‘comprising,” “including” or any other variation
thereof are intended to encompass non-exclusive inclusion
such that a process, method, article or device comprising a
list of elements includes not only those elements, but also
includes not explicitly listed or other elements inherent to
such a process, method, article or apparatus. Without further
limitation, an element qualified by the phrase “comprising a
... ” does not preclude the presence of additional identical
elements in a process, method, article or apparatus that
includes the element.

Those skilled in the art can further realize that the units
and algorithm steps of the examples described in the
embodiments disclosed in the specification can be imple-
mented by electronic hardware, computer software, or a
combination of both. To clearly illustrate interchangeabili-
ties of hardware and software, the structures and steps of
each example have been generally described in the specifi-
cation in accordance with the functions. Whether these
functions are implemented by hardware or software depends
on the specific application and design constraints of the
technical solution. Those skilled in the art can use different
methods for each specific application to implement the
described functions, but such implementation should not be
considered beyond the scope of this application.

The steps of the method or algorithm described in the
embodiments disclosed in the specification can be directly
implemented by hardware, a software module executed by a
processor, or a combination thereof. The software module
can be stored in random access memory (RAM), internal
memory, read-only memory (ROM), electrically program-
mable ROM, electrically erasable programmable ROM,
registers, hard disks, removable disks, CD-ROMs, or any
other storage media known in the technical field.

The above description of the disclosed embodiments
enables those skilled in the art to implement or use this
application. Various modifications to these embodiments
will be obvious to those skilled in the art, and the general
principles defined herein can be implemented in other
embodiments without departing from the spirit or scope of
the present application. Therefore, this application will not
be limited to the embodiments shown in the specification,
but should conform to the broadest scope consistent with the
principles and novelties disclosed in the specification.

What is claimed is:

1. A heat dissipating structure, comprising:

a cold plate configured to exchange heat with a heat
dissipating device;

a liquid pipe disposed at both ends of the cold plate, the
liquid pipe being configured to transport heat conduct-
ing liquid and including at least two branch liquid
pipes; and

a deformation structure configured in the liquid pipe and
located at an upstream position in the liquid pipe
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relative to the cold plate, wherein the deformation
structure deforms as an ambient temperature changes
and is disposed in each of the at least two branch liquid
pipes.

2. The heat dissipating structure according to claim 1,

wherein:

a cross-sectional area of the deformation structure in an
axial direction of the liquid pipe is inversely propor-
tional to the ambient temperature;

the deformation structure has a first cross-sectional area at
a first temperature, and has a second cross-sectional
area at a second temperature;
the first temperature is higher than the second tempera-
ture;
the first cross-sectional area is smaller than the second
cross-sectional area; and
the cross-sectional area is directly proportional to a flow
resistance of the heat conducting liquid in the liquid
pipe.
3. The heat dissipating structure according to claim 2,
wherein:
the cross-section of the deformation structure in the axial
direction of the liquid pipe is a net-shaped structure or
a uniformly distributed hole structure.
4. The heat dissipating structure according to claim 2,
wherein:
the deformation structure is made of a heat-shrinkable
material or a memory alloy.

5. The heat dissipating structure according to claim 1,
wherein:

the liquid pipe further includes a main liquid pipe and
both of the at least two branch liquid pipes are con-
nected with the main liquid pipe.
6. The heat dissipating structure according to claim 5,
wherein:
a number of the cold plates is equal to a number of the
branch liquid pipes; and
each branch liquid pipe is configured with one cold plate.
7. The heat dissipating structure according to claim 5,
wherein:
the main liquid pipe and the at least two branch liquid
pipes form a circulation liquid pipe structure.
8. The heat dissipating structure according to claim 5,
wherein:
the liquid flows through each branch liquid pipe, absorbs
heat dissipated from the corresponding heat dissipating
device, and evaporates into a gas-liquid two-phase state
downstream of the cold plate.
9. The heat dissipating structure according to claim 8,
wherein:
the main liquid pipe is configured with a cooling capacity
distribution unit configured to cause the gas-liquid
two-phase heat conducting liquid to condense into a
liquid state.
10. The heat dissipating structure according to claim 5,
wherein:
pipe diameters of different branch liquid pipes are iden-
tical or different.

#* #* #* #* #*



